Abstract: Common in-flight emergencies include syncope, respiratory symptoms, nausea/vomiting, cardiac symptoms, and seizures. Flight conditions, such as changes in air pressure and humidity, can exacerbate existing chronic medical conditions. In 2017, US airlines carried 849.3 million passengers. Undoubtedly, there were many requests for in-flight medical assistance. Whenever a medical event occurs, it is standard procedure that an announcement be made by a flight attendant, requesting medical personnel to identify themselves. The 1998 Aviation Medical Assistance Act provides liability protection for a healthcare professional (HCP) acting as a good Samaritan. Nevertheless, HCPs may initially experience trepidation providing care in an aircraft. They may be unaware that a first aid kit, a emergency medical kit, and an automatic external defibrillator are on every plane. Flight crews have been trained in cardiopulmonary resuscitation, and a support system, including a ground-based consultation service, is available to provide radio assistance from an on-call physician. When multiple HCPs volunteer, the most experienced should assume leadership of care. After evaluating the ill passenger, the HCP communicates the assessment to the crew and, when necessary, to the ground-based physician. The goal of in-flight care is to medically stabilize the ill passenger and facilitate the individual's arrival at the scheduled destination for continued medical care. When unable to stabilize the passenger's condition, the decision to divert the plane rests with the flight's captain. Our article helps HCPs to best understand their resources, structured support, liability, and role during an in-flight medical event. With this knowledge of resources, a good Samaritan can confidently attend to an ill airline passenger in flight.
I
n 1903 Orville and Wilbur Wright made history as their airplane flew an astounding distance of 120 ft in 12 seconds over Kitty Hawk, North Carolina. On that auspicious day, did they ever imagine that 115 years later, commercial aircraft would fly at altitudes of 35,000 ft and nonstop for 18 to 20 hours? 1 US airlines carried 849.3 million commercial passengers both domestically and internationally in 2017. 2 With such a large number of air passengers, requests for medical assistance during flights have become a reality. Healthcare professionals (HCPs), cognizant of their moral responsibility to treat sick individuals, understand the gravity of a situation when the flight crew announces, "Is there some qualified medical personnel on board?" Physicians, nurses, physician assistants, paramedics/ emergency medical technicians, and clinical pharmacists are familiar with medical equipment and medications available in a conventional setting such as a medical center, clinic, ambulance and/or private practice; HCPs may be unaware of what support exists in flight. As such, it is not unreasonable to speculate that some HCPs may initially experience trepidation on providing medical assistance in the restrictive confines of an aircraft. The Federal Aviation Administration (FAA) requires US airlines to carry first aid kits, comprehensive emergency medical kits (EMKs), and an automatic external defibrillator (AED) on every airplane, and that flight attendants be trained in in-flight medical events 3 and in cardiopulmonary resuscitation (CPR).
contract with a ground-based medical consultation service (MedLink, Phoenix, AZ, or the University of Pittsburgh's STAT Communications Center, Pittsburgh, PA); such services provide radio assistance from an on-call physician who specializes in in-flight emergencies. When in-flight care cannot stabilize an ill passenger until the flight has reached its original destination, the decision to divert the plane is the responsibility of the airplane's captain. Our review found that the current literature often was focused solely on a particular HCP's specialty (emergency medicine, surgery, psychiatry, internal medicine, or pediatrics, or medical student). Although other articles focused on one or several specific in-flight medical conditions, our article attempts to bridge this division. Subsequently, we structured it for HCPs from any medical background.
This article orients HCPs to the most common medical conditions, the available in-flight medical supplies, the airline's existing support system, nonmedical factors, and their legal liability as a good Samaritan under the Aviation Medical Assistance Act (AMAA) of 1998 (PL 105-170).
Epidemiology
As the prevalence of air travel increases and the population ages, it has been projected that by 2030, half of all air passengers will be older than 50 years, 6 resulting in an increase in probable in-flight medical incidents. The lack of a centralized registry has been an issue in evaluating the incidence of in-flight medical events. 7 Peterson et al noted a rate of 16 medical emergencies per 1 million passengers and further estimated that there is 1 in-flight medical emergency for every 604 flights. 8 Chandra and Conry reported a range of 38 to 2031/year in-flight medical emergencies, which was based on 6 individual and grouped airlines. 9 Cocks and Liew reported a rate of 1 in 6250 passengers experiencing serious medical events, 10 whereas Delaune et al reported 1 event for every 44,212 passengers. 11 It is evident that comparison of published data is difficult because reported data can come from a single airline, a cohort of airlines, or airports or call centers. Hence, any determination of an average incidence of in-flight medical emergencies is difficult to determine; subsequently, we must continue to rely on the different data in the published literature.
The most common in-flight medical emergencies encountered were syncope or presyncope (37.4%), respiratory symptoms (12.1%), nausea or vomiting (9.5%), cardiac symptoms (7.7%), and (5.8%) seizures. 8 Several articles have noted these common events with differing percentages; these data originated from publications from an earlier time, which may or may not be relevant. [10] [11] [12] [13] [14] [15] Donner raised concerns that a flight cabin's air pressure and humidity can influence some medical conditions, as follows 16 
:
• Postabdominal surgery (<10 days) • Gas expansion of medical devices (eg, feeding tubes, urinary catheters, cuffed endotracheal tubes, cuffed tracheostomy tubes) The CDC has also addressed the impact of air travel on chronic medical problems, thromboembolic episodes and infectious disease transmission with close passenger proximity association. 17 In addition, it is possible that with longer flights, more medical events may occur, but no central repository exists to support this theory. 11, 18 It is beyond the scope of our article to examine pediatric in-flight medical emergencies; however, the three most common pediatric events reported were infectious diseases (27%), neurologic events (15%), and respiratory illnesses (13%). 19 
Training and Designation of Roles
The International Civil Aviation Organization recommends that commercial flight cabin crews be provided with first aid training annually. On successful completion of this training, crews are capable of performing CPR and basic first aid. 20 This education is critical because a flight attendant is usually the first person to be alerted to a passenger's health problem. The FAA has specific requirements for the first aid kit on US airlines. The contents of the kit are standard for basic care, as follows (1) The flight crew, the captain, and the on-the-ground physician have designated responsibilities as defined by the FAA 4 and the airline company. When the complexity of an event is beyond basic management by the flight crew, a request for an available qualified medical professional to provide assistance is announced. 22 An announcement used by one airline is, "A customer requires medical attention. If there is a physician or medical personnel on board, please identify yourself to a flight attendant." Upon identifying him-or herself, the volunteer HCP (VHCP) evaluates the ill passenger, communicates the assessment to the flight attendants, and, when necessary, to the ground-based physician. The ground-based consultant may be contacted before a flight crew's request for an on-board medical volunteer. 23 This process provides the best medical care under the existing circumstances.
When there is more than one HCP volunteering his or her services, the decision regarding which VHCP should take control is dependent on the "most experienced or highly credentialed" professional who is best qualified to lead. 24, 25 The VHCP should also ensure that his or her findings and any administered medications be documented in the airline's medical incident forms, and that a copy of this form is kept. 9, 16, 26, 27 Different airline companies may have different reporting forms.
In-Flight Standard of Care
Standard therapy has been established for medical conditions occurring in conventional settings; however, an airplane is not a conventional setting. Aeromedical treatment guidelines have been published by medical organizations and in specialty journals for in-flight medical events (eg, cardiac arrest, acute abdomen, respiratory distress, hypoglycemia, loss of consciousness, acute agitation, psychiatric events, air rage, altered mental state, vasovagal event, communicable disease).
3,8,9,15,28-33 Their treatment recommendations also are dependent on the supplies that are available.
An aircraft's passenger capacity determines the number of EMKs aboard; the FAA requires that every aircraft have at least one EMK, an approved AED, and a portable oxygen-dispensing unit onboard.
34, 35 The required EMK items for in-flight treatment are described below 33 
:
• Sphygmomanometer (electronic preferred) • Stethoscope • Airways, oropharyngeal (3 sizes):
• 1 pediatric • 1 small adult • 1 large adult or equivalent • Self-inflating manual resuscitation device with 3 masks (pediatric, small adult, and large adult) • CPR mask, 3 sizes (pediatric, small adult, and large adult).
• Intravenous administration set:
• The Air Transport Medicine Committee of the Aerospace Medical Association has proposed additions to the EMK contents, but their suggestions are not binding on US federal laws. 36 Many airlines have enhanced their EMKs to include medications such as diuretics, antiarrhythmics, and sedatives. 23 It is disturbing that of 410 health professions surveyed, 54% were unaware which medical supplies were available on flights. 37 We have responded to in-flight medical emergencies on multiple occasions and have experienced similar situations. We were not initially made aware of the EMK's existence, nor were we oriented to its contents. Our use of a stethoscope often was necessary, but the aircraft's noise made auscultation extremely difficult, especially for blood pressure readings with the nonelectric sphygmomanometer. Fortunately, in all of the instances, neither EMK medications nor an AED was required. Publications often have cited HCPs' concerns regarding being called upon during an event, but an orientation for VHCP from the flight crew on the EMK contents has never been mentioned.
Approaching an Ill Passenger
When responding to an in-flight announcement, the VHCP should state his or her clinical specialty and ascertain the reason for the request. The mental status of the passenger will tailor the approach of the VHCP. When the passenger is conscious, the VCHP should introduce him-or herself as an HCP and a fellow passenger. Using a commonsense approach that would be applied in any medical situation, the VHCP should identify the specifics of the problem. He or she should make inquiries regarding the ill passenger's medical history such as diabetes mellitus, cardiac disease, recent surgery, and medication usage. Insulindependent diabetics are particularly vulnerable to the lifedisruption of travel. If shortness of breath is a symptom, then the VHCP should consider deep vein thrombosis and pulmonary embolus, which are much publicized, 38 although the exact risk is unknown.
Understandably, the approach to an unconscious passenger is entirely different. The EMK should be made available immediately, and the VHCP should initially apply components of basic life support, considering whether the passenger is breathing or not breathing normally, and whether the passenger has a pulse. An unconscious passenger should be placed in the supine position when possible. This may improve the clinical problem for an individual who has had a syncopal episode or be more advantageous if CPR needs to be administered; in the latter case, the crew is capable of assisting because they are trained in CPR. The flight crew should identify any traveling companions who may be able to assist in answering questions. As stated elsewhere in this article, the flight crew can provide access to the ground medical consultant in the event of a major medical emergency because the VHCP may be asked to convey information to the on-call ground physician. 
Goals of Care
The goal of in-flight care is to stabilize the ill passenger and then facilitate the individual's arrival at the scheduled destination for continued medical care. If this is not possible, then a flight diversion may be necessary, resulting in the VHCP, the on-call ground physician, and the aircraft's captain assessing the situation. During the discussion, the copilot assumes control of the airplane. 20 The FAA has stated, "The decision to offer treatment or take other action (including safe diversion of the aircraft) is discretionary with the air carrier and its agents." 33 Ultimately, the captain makes the decision to divert.
Liability and the Good Samaritan
In 1998 the AMAA was passed by the US Congress. It specifically defines the term "medically qualified individual" as "any person who is licensed, certified, or otherwise qualified to provide medical care in a State, including a physician, nurse, physician assistant, paramedic, and emergency medical technician" 39 and supplies emergency assistance during air travel. The AMAA addressed the liability protection concerning the airlines, and this law protects a good Samaritan from litigation in civil, federal, and state courts. The AMAA does not protect the physician when there is gross negligence. 40 "Liability of Individuals. An individual shall not be liable for damages in any action brought in a Federal or State court arising out of the acts or omissions of the individual in providing or attempting to provide assistance in the case of an in-flight medical emergency unless the individual, while rendering such assistance, is guilty of gross negligence or willful misconduct." 39 A VHCP involved in an in-flight medical event could still be summoned to a federal or state court during a litigation process, however. In a letter to the editor published in the New England Journal of Medicine, Dr Audra A. Noel described her need for legal support after providing in-flight medical care to an individual who had a fatal asthmatic episode. This physician's financial losses, time to review documents, and deposition session were significant. Only after she was finally able to obtain the assistance of her surgical department did her hospital provide legal support. Eventually, Dr Noel was dismissed from the lawsuits after being classified as a good Samaritan; however, she experienced a great deal of emotional stress during the lengthy process. 41 Laws regarding good Samaritan and subsequent actions vary from country to country. German, French, and Australian laws expect medical assistance from a physician for an in-flight medical emergency, while US, British, and Canadian laws do not. 42 It is beyond the scope of our article to address every country's liability laws. In 1999, an agitated passenger on a Hungarian airline died after receiving sedation from a volunteer physician. Upon landing the Turkish authorities arrested the physician and the entire flight crew. After questioning overnight, they were released. 43 This incident exemplifies how liability can be determined based on the registry of the aircraft or the country where an incident has taken place. 8 To retain the status of a good Samaritan under the AMAA, there should be no monetary compensation for services given. 16 Bukoswki and Richards suggested that nonmonetary items such as mileage points, seat upgrades, and travel vouchers could even be considered payment 24 ; however, Gendreau and DeJohn believed that "travel vouchers," "wine," and "seat upgrades" could be considered gifts and therefore do not constitute monetary compensation. 15 
Impact of Nonmedical Factors on Aircraft Diversion
Before an airline captain makes the decision to divert an aircraft, multiple nonmedical considerations must be addressed. The nearest airport must be able to accept a landing. Based on the size of the aircraft, the runway length must accommodate its landing and its departure because a plane with full passenger capacity could land but be unable to depart if the runway is too short. 16 The cost of rerouting can range from $3000 to $500,000, 9, 15, 24, 32 and an international flight could incur higher costs depending on the nature of the diversion. 44 The major factor in the choice of a landing site is the accessibility of an appropriate medical center that can arrange emergency medical services on landing, allowing an ill passenger to be transported quickly to its facility.
Discussion
The US airlines that were contacted for this article confirmed their adherence to the FAA Code of Federal Regulations, which outlines the necessary medical supplies on a flight in the event of an emergency. They also shared that crews are educated about situations that warrant a medical assistance request. Although the geographic locations of on-the-ground medical consultant services vary, during a critical medical event these sites provide the necessary communications link between the VHCP and the on-call physician; therefore, a good Samaritan VHCP should never feel "alone."
The cabin crew, on-ground medical support, EMK, and AED can be used in the stabilization of an ill passenger. The VHCP should not be overly concerned with potential malpractice litigation. It is fortunate that the AMAA protects good Samaritans on domestic flights and on US airlines, thus allowing a medically qualified individual to render assistance to an ill passenger without fear of future litigation.
In the unlikely event that legal action is initiated against a VHCP, he or she will need to retain legal counsel to confirm his or her full compliance with the AMAA during the event. 41 Although the airlines we contacted were helpful in clarifying general issues, when we inquired whether they provide legal counsel for a VHCP acting as a good Samaritan, not all of the airlines responded. Two airlines did indicate that they offered assistance with medical liability as determined by the uniqueness of the situation. One airline indicated they did not provide legal support and suggested that VHCPs should use their personal liability insurance. It is incumbent on all HCPs employed by an institution to ascertain whether their institution provides legal support related to an in-flight medical event; clarification of this would be best accomplished by a comprehensive discussion with their institution's risk management representative before embarking on any airplane journey. For HCPs in private practice, the discussion should be directed to their malpractice insurance provider.
The relatively small number of medical in-flight emergencies on commercial airliners is reassuring. Although medical publications have used different criteria and data, they still concluded that medical emergencies did not result in a large number of flight diversions.
When several professionals respond to the request for an HCP, factors such as the nature of the illness, the age of the ill passenger, and each VHCP's experience will help determine the medical lead. Subsequently, if a specialty is narrow, then a VHCP may cede to a provider with a broader scope of practice. For a cardiac episode, a dermatologist may defer to an emergency physician or even an intensive care unit nurse. For an ill child, an internist may defer to a pediatrician, and in some situations, a retired physician may yield to a practicing physician. In other situations, a school nurse may yield care to a hospital nurse or physician assistant and a clinical pharmacist to a paramedic/emergency medical technician.
There is a lack of published literature that describes any in-flight orientation of EMK contents. 45 It is unrealistic to expect the airline industry to provide an EMK orientation to every medical individual boarding a flight. With the request, the response, and the initial clinical evaluation, it is not unreasonable for the flight crew to quickly provide an overview of the contents of the kit, however. Once a VHCP is identified as the medical lead, it is crucial that the flight crew notify him or her that a groundbased consultant is available. At this point, any "orientation," however brief, enables the clinician to medically approach the event with the knowledge of what is at his or her disposal. Chatfield et al have described the limited knowledge in the medical community regarding the contents of the EMK and of the airlines' support system. 36 Given the range of settings surveyed in central Illinois-urban, suburban, and rural-it is reasonable to assume that their findings could be representative of US physicians.
Search engines PUBMED, CINAHL, and Google Scholar were used in our literature search of in-flight medical emergencies. The number of published articles we identified appeared mainly in medical journals dedicated to physician readers; however, their data included response rates from nurses, physician assistants, and medical students. This would suggest a necessity for more focused articles to be written to specifically target the variety of HCPs in their respective professional journals. Continuing medical education programs also could be structured to concentrate on this topic.
Katzer and colleagues recognized the need for greater education of medical students in medical students' curriculum. 46, 47 At two residency programs, we conducted a course entitled "Resources, Responsibilities, Goals and Legalities for the In-flight Good Samaritan." It is our opinion that training should be offered for residents, medical students, nurses, physician assistants, and others, which would include a review on the AMAA law, commercial airlines' in-flight procedures, the contents of the EMK, and the existence of ground medical support. Furthermore, because all airlines stock the basic contents of the EMK, it would practical for every air-traveling HCP to familiarize him-or herself with the in-flight medical resources 48, 49 and maintain a copy of the list of required EMK items for in-flight treatment with his or her traveling documents.
Conclusions
Stabilizing an ill passenger's medical condition is the main objective during an in-flight medical emergency. The medical professional acting as a good Samaritan is a crucial member of a team with the on-ground physician, the flight crew, and the captain. We propose a curriculum that provides education on in-flight medical care, not only in HCP schools but also in residency training programs. This will establish a new generation of potential VHCPs. Professionals already in clinical practice can enhance their aeromedical knowledge through medical journals and continuing medical education lectures.
Knowledge of the AMAA, EMK/AED, and the existing support system should reduce any trepidation a VHCP may have. Subsequently, an HCP who volunteers can feel confident when answering a request for medical assistance at any altitude.
